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[57] ABSTRACI‘ 
An address translator has an improved data comparison 
circuit for comparing two pieces of data having 11 bits, 
e.g., 12 bits. In the data comparison circuit, cell circuits 
compare two pieces of data for every corresponding 4 
bits. When a match is detected in the comparison of a 
set of 4 bits, a signal representative of the comparison 
result of the lower-order bits is bypassed. Hence, delay 
of signal propagation which may occur in the cell cir 
cuit in which the match is detected is reduced. 
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ADDRESS TRANSLATOR HAVING A HIGH 
SPEED DATA COMPARATOR 

This application is a division of allowed application 
Ser. No. 07/643,987 ?led Jan. 22, 1991, now US. Pat. 
No. 5,130,692 issued Jul. 14, 1992. 

FIELD OF THE INVENTION 

The present invention relates generally to data com 
parators, and particularly to a data comparator for com 
paring, at higher speed, two pieces of data each having 
a plurality of bits at higher speed. The invention has 
particular applicability to a translation lookaside buffer 
(T LB) for translating an applied logical address into a 
physical address in a computer system. 

DESCRIPTION OF THE BACKGROUND ART 

Generally, comparison between two pieces of data is 
frequently performed in operations utilizing a com 
puter. For example, sorting, in which a large number of 
data are rearranged, has been conventionally conducted 
by software. On the other hand, a circuit is known, 
which makes use of hardware at high speed two pieces 
of data. 
FIG. 17 is a circuit diagram of a cell circuit 10 shown 

in Patent Laying-Open 62-118434 which is capable of 
storing and comparing 1 bit data. The cell circuit 10 
comprises an SRAM section 50, transistors 56, 71, and 
72 and a NAND gate 73. Data D, D are applied through 
a bit line pair BL, BL and comparison is made between 
data M, M stored in the SRAM section 50 and the ap 
plied data D, D. If the two data match, the NAND gate 
73 generates a high level signal. This results in turning 
on the transistor 56. On the other hand, if the relation of 
the two pieces of data is M <D, the transistors 71 and 72 
are turned on thereby causing a comparison line CML 
to attain a low level. On the contrary, if the relation of 
the two data follows M>D, the potential of the com 
parison line CML remains the same. 

In order to compare two pieces of data each includ 
ing a plurality of bits, it is necessary to connect a plural 
ity of cell circuits 10 through the comparison line CML 
as shown in FIG. 18. A transistor T7 and an inverter 
INV are provided to transmit the comparison result 
quickly. This is because the transistor 56 for transmis 
sion in the cell circuit 10 is a passive device and the 
transmission of the comparison result is therefore de 
layed. 
When a plurality of the cell circuits 10 are connected 

through the comparison line CML, the transistors 56 for 
transmitting comparison results are connected in series 
as shown in FIG. 19A. The equivalent circuit is shown 
in FIG. 19A. The series connection of the transistors 56 
constitutes a delay circuit formed of resistance compo 
nent R and capacitance component C shown in FIG. 
19B. This means that a signal representative of a com 
parison result is inevitably delayed in the circuit con 
nection indicated in FIG. 18. The signal indicating a 
comparison result is delayed most when the comparison 
result of two pieces of data is determined depending 
upon the comparison result at the least signi?cant bit 
(LSB). That is, in this case, the signal representative of 
the comparison result in the cell circuit 10 which forms 
the LSB is transmitted toward the cell circuit of the 
most signi?cant bit (MSB) through the comparison line 
CML. This results in a long period of time until the 
comparison result of the two pieces of data is generated. 
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2 
It is pointed out that a conventional comparison circuit 
shown in FIG. 18 has a low operating speed. 
The Translation Lookaside Buffer (referred to as 

“TLB” hereinafter), to which the present invention 
may be applied, will be described below. Generally, in 
addressing a memory in a computer system, translation 
is conducted from a logical address (or a virtual ad 
dress) into a physical address. In the translation, it is 
usually required to refer to a segment map table or a 
page map table etc. on the main memory. This means 
that'it is necessary to make an access to the main mem 
ory at least three times in order that one instruction is 
executed by the computer. To increase the processing 
speed by the computer, it is necessary to reduce the 
number of the accesses. The TLB is known as a register 
capable of translating a logical address into a physical 
address without referring to the map table on the main 
memory. An example of a microprocessor provided 
with the TLB is found, for instance, in an article under 
the title of “A 32-bit CMOS Microprocessor with On 
chip Cache and TLB” (IEEE Journal of Solid-State 
Circuits VOL. SC-22, NO. 5, October, 1987). While 
several kinds of TLB have been conventionally known, 
a TLB for the full associative method, to which the 
present invention is applicable, will be described below. 
Now, in the following, a logical space of 4 giga bytes 
which can be designated by an address signal of 32 bits 
is assumed. In the logical space, data of 512 bytes which 
can be designated by an address signal of 9 bits is de 
fined as 1 page. As seen from FIG. 9, the logical address 
comprises a page address and an offset address. 
A conceptual structure of the TLB is shown in FIG. 

10. 
The TLB in accordance with the full associative 

method generally comprises a CAM section 71 for stor 
ing a logical page address and an SRAM section 72 for 
storing a physical page address. Each of the CAM sec 
tion 71 and SRAM section 72 comprises the address 
storage locations of 32 entries, respectively. In opera 
tion, when a logical page address is applied to the CAM 
section 71, the location in which an address identical to 
the applied logical page address is stored, i.e. the word 
is detected. The detection of the match is performed by 
comparing the two logical page addresses, and is called 
“hit”. The physical page address is generated from the 
SRAM section 72 corresponding to the hit word. If a 
certain word is hit in the CAM section 71, the transla 
tion from the logical page address into the physical page 
address therefor can be completed during 1 machine 
cycle. 
On the other hand, if a match is not detected in the 

CAM section 71, i.e. a logical page address is not hit, the 
segment map table or page map table etc. is referred to, 
whereby the physical page address is obtained. The 
obtained physical page address is required to be regis 
tered in the CAM section 71 and SRAM section 72 for 
the processing thereafter. For the registration, it is nec 
essary to delete the data of at least one word previously 
registered in the TLB, and to write new data in the 
word-deleted storage location. As a kind of algorithm 
to determine the word to be deleted or the storage 
location of the word to be deleted, the “Least Recently 
Used” algorithm (referred to as “LRU” hereinafter) is 
known. In order to implement the algorithm of LRU, it 
is further necessary to provide a counter for each word. 
FIG. 11 is a conceptual diagram describing how data 

in the TLB is updated in accordance with the LRU 
algorithm. Referring to FIG. 11, a counter is provided 
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for each entry or each word in the TLB 70, thus form 
ing a counter section 73. If an applied logical page ad 
dress hits a certain entry in the TLB 70, the counter of 
an entry having a counter value smaller than the 
counter value of the above mentioned entry is incre 
mented. At the same timer the counter of the hit entry 
is reset. If an applied logical page address does not hit 
any entry in the TLB 70 (in case of mis-hitting), the data 
of the entry having the largest counter value is deleted, 
and new data is written therein. FIG. 11 shows the 
value of an entry having a counter value of 15 is deleted, 
and new data is written therein. 
As mentioned above, in the CAM section 71 shown in 

FIG. 10 or 11, two pieces of data having a plurality of 
bits are compared. In the comparison, it is pointed out 
that the delays shown in FIGS. 18, 19A, and 19B take 
place, preventing high speed translation from the logi 
cal address into the physical address as a result. 

SUMMARY OF THE INVENTION 

One object of the present invention is to generate a 
comparison result in the shortest period of time in a data 
comparator comparing two pieces of data with a plural 
ity of bits. 
Another object of the present invention is to translate 

a logical address into a physical address faster in an 
address translator for a computer system. 
Yet another object of the present invention is to trans 

late a logical address into a physical address faster in a 
Translation Lookaside Buffer (TLB) for a computer 
system. 
Brie?y stated, a data comparator in accordance with 

the present invention includes ?rst comparison circuitry 
for comparing the lower-order bits of the ?rst data and 
the lower-order bits of the second data, and second 
circuitry for comparing the higher-order bits of the ?rst 
data and higher-order bits of the second data. The sec 
ond comparison circuitry includes match detecting 
circuitry for detecting a match between the higher 
order bits of the second data and the higher-order bits of 
the‘ ?rst data. The data comparator further includes 
bypass circuitry which responds to the match detecting 
circuitry and bypasses the comparison result from the 
?rst comparison circuitry as the comparison result of 
the second comparison circuitry. 

In operation, the match detecting circuitry detects a 
match between the higher data bits of the second data 
and the higher-order bits of the ?rst data. When a match 
is detected, the bypass circuitry responds to the match 
detecting circuitry and bypasses the comparison result 
of the lower-order bits generated from the ?rst compar 
ison circuitry. Since the signal representative of the 
comparison result of the lower-order bits is not trans 
mitted through the second comparison circuitry for 
comparing the higher-order bits, the comparison result 
of the lower-order bits can be obtained faster. 
A data comparator in accordance with the present 

invention in one aspect compares ?rst and second data 
each having a bit length of n bits. Each of the ?rst and 
second data can be divided to the ?rst of the higher data 
portion to the k-th of the lower-order data portion 
(n=m -k). The data comparison circuitry includes ?rst 
to k-th partial comparison circuitry each comparing the 
data portions corresponding to the ?rst and second 
data. Each of the ?rst to (k—1)-th partial comparison 
circuitry includes match detecting circuitry for detect 
ing a match of the data portions corresponding to the 
?rst and second data, and bypass circuitry for bypassing 
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4 
the comparison result output from the lower-order par 
tial comparison circuitry in response to the match de 
tecting circuitry. 
The foregoing and other objects, features, aspects 

and advantages of the present invention will become 
more apparent from the following detailed description 
of the present invention when taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit block diagram of a data comparator 
circuit representing one embodiment in accordance 
with the present invention. 
FIG. 2 is a circuit diagram representing one example 

of a cell circuit shown in FIG. 1. 
FIG. 3 is a circuit block diagram of a word compari 

son circuit utilizing the data comparison circuit shown 
in FIG. 1. 
FIG. 4 is a circuit block diagram of the entire com 

parator utilizing the word comparison circuit shown in 
FIG. 3. 
FIG. 5 is a timing diagram to describe the operation 

of the circuits shown in FIGS. 1 to 4. 
Each of FIGS. 6A to 6D and each of FIGS. 7A and 

7B are circuitry diagrams representing other examples 
of the cell circuit shown in FIG. 10. 
FIG. 8 is a graph representing time required for com 

paring two pieces of data. 
FIG. 9 is a format diagram indicating how a logical 

address is con?gured. 
FIG. 10 is a conceptional diagram of the structure of 

a TLB. 

FIG. 11 is a conceptional diagram describing how 
data in a TLB is updated in accordance with the LRU 
algorithm. 
FIG. 12 is a block diagram of the entire TLB to 

which one embodiment of the present invention is ap 
plied. 
FIG. 13 is a block diagram showing the LRU word 

section shown in FIG. 12. 
FIG. 14 is a circuit block diagram showing the LRU 

block shown in FIG. 13. 
FIG. 15 ms a circuit diagram showing the LRU cell 

shown in FIG. 14. 
FIG. 16 is a timing diagram describing the operation 

of the circuit shown in FIG. 15. 
FIG. 17 is a circuit diagram of a conventional cell 

circuit for storing and comparing data of 1 bit. 
FIG. 18 is a conventional circuit diagram in which a 

cell circuit is cascaded through an inverter. 
FIG. 19A is a circuit diagram describing the delay of 

a signal in the circuit shown in FIG. 18. 
FIG. 19B is an equivalent circuit diagram of the cir 

cuit shown in FIG. 19A. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, a data comparison circuit com 
pares applied data of 4 bits and previously stored data of 
4 bits. The data comparison circuit includes 4 cell cir 
cuits 31 to 34 connected in series through a comparison 
line CML. Each of the cell circuits 31 to 34 is connected 
to receive externally applied data signals D, D of 1 bit. 
Furthermore, each of the cell circuits 31 to 34 is con 
t_rolled by a word selecting signal w and clock signals T, 
T. The data bits of the data to be compared are stored in 
each of the cell circuits 31 to 34 in advance. The data 
bits of other data D, D to be compared through data 
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buses DB are applied to each of the cell circuits 31 to 34, 
respectively. For instance, the cell circuit 31 compares 
the data bit of the applied data with the data bit of the 
stored data. When a match is found between the two 
data bits, the cell circuit 31 generates a high level propa 
gation signal PRO. The propagation signal PRO gener 
ated from each of the cell circuits 31 to 34 is applied to 
an AND gate 30. On the other hand, if a match is not 
found between the two data signals, a signal CO repre 
sentative of the result of the comparison is generated. 
The signal CO generate from each of the cell circuit 31 
to 34 is applied to the higher cell circuits through the 
comparison line CML. A selector 35 has one input a 
connected to receive the signal CO from the cell circuit 
31, and another input b connected to receive a signal 
CMI representative of the comparison result of the 
lower-order data bits. 

If a match is detected between 4 data bits by the cell 
circuits 31 to 34 shown in FIG. 1, the AND gate 30 
applies a high level signal to the selector 35. The selec 
tor 35 thus generates the signal CMI representing the 
result of the comparison of the lower-order bits as a 
signal CMO. On the other hand, if at least one among 4 
data bits does not match, the AND gate 30 applies a low 
level signal to the selector 35. The selector 35 generates 
the signal on the comparison line CML as the signal 
CMO. 
FIG. 2 shows one example of one cell circuit shown 

' in FIG. 1. Referring to FIG. 2, the cell circuit includes 
an SRAM section 50 for storing data bits, and an EXOR 
gate 55 for detecting a match between two data bits, an 
NMOS transistor 56 for transmitting comparison re 
sults, an NMOS transistor 57 for precharging the com 
parison line CML, and NMOS transistor 58, 59 for 
controlling the potential of the comparison line CML in 
response to the result of comparison between the two 
data bits. The SRAM section 50 includes cross-coupled 
inverters 51, 52 and NMOS transistors 53, 54. 

In operation, the SRAM section 50 responds to a high 
level word selecting signal W, and stores the data of 1 
bit de?ne by the data signals D, D. If a match is round 
between the applied data bit D and the stored data bit 
M, the EXOR gate 55 generates a high level propaga 
tion signal PRO. The transistor 55 is turned on in re 
sponse to the signal PRO, a signal CI representing the 
comparison result of the lower-order bits is transmitted 
through the transistor 56 as a signal CO. If a match is 
not found between the two data bits, the transistor 56 is 
turned off. In this case, since the transistors 58 and 59 
are turned on or off depending upon the result of com 
parison between the two data bits, the potential of the 
comparison line CML is changed in response to the 
comparison result. 
FIG. 3 shows a word comparison circuit making use 

of a'data comparison circuit. Referring to FIG. 3, the 
word comparison circuit includes 3 blocks 41 to 43 each 
provided with a data comparison circuit as shown in 
FIG. 1. Each block 41 to 43 is connected to receive data 
signals D, D of 4 bits through a bus line BUS. Addition 
ally, each of the blocks 41 to 43 is controlled by a word 
selecting signal W and clock signals T, T. A signal 
CMO representing comparison results in the respective 
blocks 41 to 43 is applied to the higher block. 
FIG. 4 describes the entire comparator in which the 

word comparison circuit shown in FIG. 3 is utilized. 
Referring to FIG. 4, the comparator includes a large 
number of word sections 100 provided with the word 
comparison circuit shown in FIG. 3. The word section 
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6 
100 receives data signals D, D of 12 bits through the bus 
lines BUS, “BTU-S‘. In order to precharge each of the data 
buses BUS, m, NMOS transistors 61 and 62 are pro 
vided, respectively. Each of the bus lines BUS, m is 
supplied with data signals of 12 bits ampli?ed by a sense 
ampli?er/driver circuit 400. A decoder 300 responds to 
an address signal AD and generates a Word selecting 
signal W,, to select the word section 100. The word 
section 100 selected by the word selecting signal W" 
generates a signal CMO<n> representing the compar 
ison result. 

Referring to FIG. 5, a high level signal T0 is applied 
to the transistors 61 and 62 during a period 10, thereby 
precharging the bus lines BUS, DIE. A clock signal T1 
and a word selecting signal W rise in a period P11. In 
the word section 100 selected by the word selecting 
signal W, each of the previously stored 12 bit data sig 
nals D<l1: 0>, D<llz O> are loaded onto the bus 
lines BUS, BUS. On the other hand, the comparison line 
CML shown in FIG. 2 is precharged in response to the 
clock signal T1 (i.e. T). After the precharge is com 
pleted, the comparison operation is initiated in each of 
the cell circuits during a period P12. This results in 
generation of the signal CMO<n> representing the 
result of the comparison. 
As mentioned above, in the data comparison circuit 

shown in FIG. 1, when a match is found between two 
data, a delay circuit as shown in FIG. 19B is not con 
structed since a signal representing the comparison 
result of the lower-order bits is transmitted to the blocks 
for the higher-order bits not through the cell circuits 31 
to 34 but through the line CMI. A signal indicating the 
result of comparison between the two pieces of data is 
accordingly obtained faster. 
Each of FIGS. 6A to 6D shows an example of the cell 

circuit applicable to the data comparison circuit shown 
in FIG. 1. Each of these cell circuits may be applied in 
place of the cell circuit shown in FIG. 2 and operates in 
the same manner. 

Each of FIGS. 7A to 7B also shows an example of a 
cell - circuit applicable to the data comparison circuit 
shown in FIG. 1. In FIGS. 7A to 78, data to be com 
pared are stored in a latch circuit 90. Referring to FIG. 
7A, the latch circuit 90 responds to the clock signal T 
and latches data DI. When an output enable signal OE 
rises, the data latched in the latch circuit 90 is applied to 
a reference line RFL. On the other hand, the compari 
son line CML is already precharged in response to a 
precharging signal PR. Since transistors 93 and 94 start 
operating in response to the result of comparison be 
tween 2 data bits, a signal CO representing the result of 
the comparison is thus generated. On the other hand, it 
is pointed out that it is not necessary for the cell circuit 
shown in FIG. 7B to precharge the comparison line 
CML unlike the circuit shown in FIG. 7A. 
FIG. 8 shows time required for comparing two pieces 

of data. Referring to FIG. 8, the ordinate represents the 
time required, and the abscissa represents the bit num 
ber of the data to De compared. A curve P represents 
for example the case of the circuit shown in FIG. 1, i.e. 
to which the present invention is applied. A curve Q 
shows the case of the circuit shown in FIG. 18, i.e. how 
the inverter INV ant the transistor T7 are applied. A 
curve R simply shows the case in which the cell circuits 
are connected in series. As can be seen from FIG. 8, it 
is pointed out that if the present invention is applied for 
comparing data having a bit number of more than 4, the 
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time required for the comparison is signi?cantly re 
duced compared to a conventional circuit. 
One example of the TLB to which the present inven 

tion is applied is shown in FIG. 12. Referring to FIG. 
12, the TLB includes a CAM word section 1 for storing 
a logical page address, an SRAM word section 4 for 
storing a physical page address, an LRU Word section 7 
for counting counter values for each word, an address 
decoder 2 for designating each word, a sense ampli?er/ 
driver 3 for writing and reading a logical page address 
with respect to the CAM word section 1, and a sense 
ampli?er/driver 5 for writing and reading a physical 
page address with respect to the SRAM word section 4. 
FIG. 13 is a block diagram showing the LRU word 

section 7 shown in FIG. 12. Referring to FIG. 13, the 
LRU word section includes 3 LRU blocks 81 to 83, e. g., 
partial math detecting means, for processing portion of 
a count value each being of 4 bits. Each of the LRU 
blocks 81 to 83 operates in response to clock signals T0, 
T1 and T3. The inverter 10 receives the clock signal T1 
and applies the inverted clock signal T1 to each of the 
LRU blocks 81 to 83. An AND gate 12 receives the 
clock signal T3 and a counter output enable signal CE 
and applies a counter resetting signal CR to each of the 
blocks 81 to 83. The LRU block 81 processes a portion 
of the count value of higher 4 bits, the LRU block 82 
processes the intermediate 4 bits, and the LRU block 83 
processes the lower-order 4 bits. A signal CMO repre 
sentative of the result of comparison is generated from 
the block 83 toward the block 81 through the block 82. 
The AND gate 11 receives the clock signal T3 and the 
signal CMO which has been inverted by an inverter 9, 
and generates a counter-up signal CU. Each of the LRU 
blocks 81 to 83 is connected to receive reference data 
RF such as preselected count value, each being of 4 bits 
through a bus RFB for referring to data. Each of the 
LRU blocks 81 to 83 generates a carry output signal 
CYO. 
FIG. 14 shows the LRU block 81 shown in FIG. 13. 

Referring to FIG. 14, the LRU block includes 4 LRU 
cells 131 to 134 each for comparing each bit of the count 
values, an AND gate 15 for receiving a signal on com 
parison line CML indicative of the result comparison 
from each of the cells 131 to 134, and a selector 14 
responsive to the output signal, e.g., partial match sig 
nal, of the AND gate 15 for operating. When the AND 
gate 15 generates a low level signal, the selector 14 
generates a signal applied to the input terminal a as a 
comparison result signal CMO. On the contrary, when 
the AND 15 generates a high level signal, the selector 
14 generates a signal applied to the input terminal b, i.e., 
a signal CMI indicative or the result of comparison of 
the lower-order bits, e. g., a lower partial match signal, 
as a signal CMO. That is, when the comparison result is 
determined by each of the LRU cells 131 to 134, the 
selector 14, which functions as, for example, bypass 
means, generates a comparison result signal CO gener 
ated from the LRU cell 131, as a signal CMO. On the 
contrary, when the result of the comparison is not de 
termined by each of the LRU cells 131 to 134, the selec 
tor 14 generates the comparison result of the lower 
order bits as a signal CMO. Each of the LRU cells 131 
to 134 is connected to receive 1 bit respectively among 
the reference data RF to be compared. 
FIG. 15 shows the LRU cell 131 shown in FIG. 14. 

Referring to FIG. 15, the LRU cell includes a latch 
circuit 23 for receiving a counter-up signal CU and a 
counter reset signal CR, a latch circuit 24 for receiving 
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a clock signal TI, an incrementer 25 for receiving a 
carry input signal CYI and generating a carry output 
signal CYO, an EXOR gate 26, an NMOS transistor 19 
for transmitting signals, and an NMOS transistor 18 for 
precharging the comparison line CML. 

Referring to FIGS. 12 to 16, the operation will be 
described in the following. Each of the LRU cells sto 
res/updates a counter value in accordance with the 
LRU algorithm, and compares a counter value in the hit 
entry with the count value included therein. One ma 
chine cycle includes 4 periods P0 to P3 as shown in 
FIG. 16. Clock signals T0 to T3 with waveforms shown 
in FIG. 16 are applied. A one bit counter is constituted 
by the latch circuits 23 and 24, and the incrementer 25. 
The counter responds to a count-up signal CU and 
counts up, and is reset in response to a counter-resetting 
signal CR. The carry input signal CYI indicates the 
requirement of carry from the lower-order bits. The 
carry output signal CYO indicates the requirement of 
carry to the higher-order bits. 
A reference line RFL is precharged in advance. The 

reference line RFL is driven by transistors 16 and 17. 
That is, if a high level counter output enable signal CE 
is applied, the potential of the reference line RFL 
changes in response to the signal which has been 
latched in the latch circuit 23. The EXOR gate 26 gen 
erates a comparison transmission signal CMP. The com 
parison line CML is precharged in the period P1 and 
subsequently operates in accordance with the following 
Table 1. 

TABLE 1 
Latch 23 RF CMO 

0 0 CMI 
1 1 CMI 
0 1 o 
1 o 1 

Referring to FIG. 16, when a logical page address is 
applied to the TLB and is hit in a certain CAM word 
section 1, a hit signal HLl is generated. An LRU word 
section 7 receives the hit signal HLl as a comparison 
output enable signal CE. With the reference line RFL 
already precharged in the period P0, when a signal CE 
rises in the period P1, the value of the hit word in the 
latch circuit 23 is applied to the ‘reference line RFL. On 
the other hand, the comparison lines CML of each of 
the LRU cells 131 to 134 being precharged in the period 
P1, in the period P2 comparison is conducted between 
the signal on the reference line RFL and the signal 
latched in the latch circuit 23 thereof. In response to the 
result of the comparison, a counter-up signal CU and a 
counter resetting signal CR are generated in the period 
P3, the necessary counting up and resetting of the value 
of the counter is performed. 
As mentioned above, by applying the present inven 

tion in the TLB as indicated in FIG. 14, the similar 
effect as described in the embodiment shown in FIG. 1 
is obtained. That is, in the circuit shown in FIG. 14, 
since the signal CMI which indicates the comparison 
result of the lower-order bits does not pass the LRU 
cells 131 to 134, the result of the comparison between 
two count values can be obtained faster. 
As described in the foregoing, in the data comparison 

circuit shown in FIG. 1, four cell circuits 31 to 34 com 
pare 4 bits corresponding to two data with 12 bits. In 
this comparison, if a match is detected, a selector 35 
generates a signal CMO, equal to CMI representing the 




